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teT) A cable is injects into a length of coiled 
lubing disposed on a reel Cfy an appar^tus^^ 
method which includes attaching a small 
diameter pipe to the end of the coiled tubing, 
feeding the cSble iniiD the oppc^lte end of 1^ 
pipe thrbi^h a seal^^^ pumping a liquidfiritb 
•the annulir space defined by ^^1^^ 
jE^ipje at sufllcrent pressure and flow rate so that 
fluid drag on the cable overcomes the frictlonal 
forc^ of the cable passing through the seal to 
inject the cable through the entire length of the 
Icoiiie^Ut^ This method avoids the pri<wv 
^^^fpem practice of deploying coSed lubin^^^^ i 
a Isfriatight ilhe, either horizontally or vertically jih 
order to fised cable through tiie tubing. 
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This invention relates to the art of subterranean well operations, and more particularly, to a means and 
method for installing a cable within coiled tubing for the purposes of conducting well treatments in conjunction 
with wiieline-operated tods. 

Ck>ildd tubing has long t>een used in well operations in order to place desirable fluids such as acids, cement 
5 and the like in a well utilizing a relatively simple apparatus comprising a long length of tubing, often as long 
as 25,000 feet, wound onto a large spool or reel. In colled tubing operations, tubing from the reel is fed into 
the wellbore utilizing an injector mechanism which is well known in the art. Fluids can be fed through a fitting 
on the tubing reel, through the tubing to a tool disposed on the inserted end of the coiled tubing within the 
well. 

10 In recent years, it has become desirable to place electrically operated tools in the welibore either alone or 

In combination with fiukJ treatnnent tods. For Instance, logging operations can be conducted on coiled tubing 
whteh may also include means for injecting nitrogen gas into the wellbore in order to gauge flow. It is also ad- 
vantageous to use colled tubing to convey a logging tod within a highly deviated or horizontal wellt>ore where 
gravity wireline operations cannot be used to convey the logging tool to the appropriate wellbore location. 

IS More recently, colled tubing has been used in conjunction with a fluid operated downhde drilling motor 

to conduct slim hole drilling in vertk»l, deviated and horizontal directions. With such coiled tubing drilling op- 
erations, it is often desirable to have a device capable of sensing the direction of drilling and communicating 
this and other data to the operator on the surface so that alterations may be made to the direction of the drilling 
during tlie drilling process. It can be clearly seen that in order to employ logging toots as well as to operate 

20 steering sensors or tods in a>iled tubing drilling operations, It is necessary to provkJe electrical communication 
between such tods and the surface through a cable disposed within the coiled tubing. 

In the past, in order to install electrically conductive cable within coiled tubing, it has been necessary to 
deploy the colled tubing in a relatively straight line such as deploying It into a vertical well or laying the coiled 
tubing horizontally such as on a straight road bed in order to feed the dectricalty conductive cable into the 

25 tubing. It is obvtous that this is a time consuming, expensive and labor Intensive sdutton to the problem of 
installing cable within tubing. In fact, the cost of installation in this manner often exceeds the cost of the cable 
itself by three to five times. Because of the high cost of cable installation, it has become economically neces- 
sary to maintain coiled tubing reels with cable installed dedicated to that use for the life of the reel. This is 
both expensive and wasteful of costly assets requiring either a large Inventory of dedicated, cable-installed 

30 reels to be kept at widely spaced locations or only a few such dedicated reels which must be transported over 
long distances for use. 

It is well known in the industry that it is theoretically possible to pump cable through coiled tubing while it 
is on the red. The fluid friction drag force of the flowing fluid puiis the rade, mercoming friction forces between 
the cable and the coiled tubing. However, attempts to pump cable into colled tubing on the reef have been 
35 thwarted by the cable tension Induced by the cable seal through which the cable must be passed into the tubing. 
This cable tension generates a lange frictional force as the cable is pulled tight within me tubing around the 
reel creating a capsten effect which prevents the cable from passing through the entire length of tubing on 
the reel. 

A mechanical means to overcome the friction and pressure differential of the cable seal was disclosed in 

40 British patent application number 9313868.3. A mechanteal pulling device is located within a sealed chamber 
connected to the colled tubing and with the cable passing Into the chamber through a pressure sealing packing 
or wiper. When used in conjunction with a fluid pump, cable can be injected into coiled tubing on the red be- 
cause the pulling device overoDmes the friction of pulling the cable through the packing thereby avoiding the 
capsten effect, albeit with cxjnsklerable mechanical complexity. 

45 The present Invention provides a means and method for pumping cade into coiled tubing which does not 

use a mechanical device to pull the cable through a seal. 

In accordance with the invention , a method for instelling cable having a first diameter into a first tube having 
a larger first internal diameter comprises provkiing a seal through which the cable passes atteched to a second 
tube having a second internal dlamet^ which is at least larger than the diameter of the cable. The second tube 

50 is coupled to the open end of the first tubing and fluid is pumped from pump means through a fluid connection 
in the second tube, within an annular space fc>etween the cable and the second tube and into the first tube. 
The flow rate in the second tube Is mainteined at a rate suf f k:ient to overcome the frictional drag of the cable 
through the seal and the differential pressure across the seal. The flow rate In the first tube is mainteined at 
a rate to cause the cable to be pumped into the first tube by fluid drag on the cade. 

55 Further in accordance with the invention, an apparatus for installing cable into a first tube comprises a 

second tube and a flow cont rdiing connector between the first and second tubes; a seal at an end of the second 
tube remote from the connector and a f lukJ coupling on the second tube connected to a fluid pump for pumping 
fluid into the second tube at a first pump rate and into the first tul>e at a second pump rate differing from the 
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first pump rate whereby frictional force on the surfaceof the cable causes the cable to be transported 

through the sral/the second tube and the flre^ 

Further in acconiance with the Invention, an apparatus for 

ha%.-:™ « ■pj'*-* Sr*fr^,.r.ai rifomofAr r^nrrtrkHeoe a rftAi nf nnii^d tubino havino couoted thereto a length of smalf 

5 diaTO^tubing having second ihte^ smaller 
than the firat internai^lanfeten Ase^ 

tubing coupling and a pump coupling is provided on the small diameter tubingte which a puitip is connected 
pumping fluid into the small diameter tubing and the coiled tubing whereby frictional force on the external 
^urfic^ bfithe^ble causes the catde to be transported through the seal, the small diameter tubing and the 

It is therefore an object of this invention to provide a simple, transportable means and method whereby 
cable may be easily installed within tubing. " 

It is another object of this invention to provide a means and m^hod whereby cable may bs easily and in- 
expensively insjirtl^ find lem^^ tubing so that max! nrium iiise ofi>oth the cable and the 

15 coiled tubing niay be realized. 

r These and other objects^ accomplished through themanner and form of the present 

inyeritidn to bede^ with the accompanying drawing illustrating a prefen-ed enr>- 

tbodirnento^he^^ viewof a cable 

injector apparatus ftM- in^^ coiled tubing in accordance viHth a jj««ferred Bnribodiment of the 

20 present invention. 

A diag for^ s^ainst the outside surface of a cable by flowing fluid can be used to advantage to first over- 
cc^ f lictional fe^ e^^rted on a t»ble by a seal through which it passes and second; to cause the cable 
to flow through a long length of tubing. 

The drag force per unit length of cable can be approximated by equation 1 , below: 



Equation 1: ^ '^ '^^ 

: where; -'• ' '/w: ■'' ' 

T is the firt^rage w^^^ 

Equat!oh-2:^^; ■■ ■ ^ = '.^-^ 

where \':-^:y--'-'-^f;^/'\V/::''-^ 
35 p is the fluid density ' " 'r'/'-y.-: 

V^isthefluid velocity In ft/sec -^i-.-^ 
g is the gravitational constant (32.2 ft/sec2) and 

X is a dimenslonless friction coefficient derived from the Darqh-Wefe^^ and the empirical 

Cdebrook equation developed for pipe flow; > ^ A^^^^^^^^^ ; 

40 In accordance with one aspect of the present invention, a cable is passed thrpugfr^^ having 

a poupling in fluid ammunication with a fluid pump. Fluid is then pumped into thetube at a rate sufficient to 
cause a drag ftirce on the cable sufficient to at least equal or overcome a frictional f^ 
by the seal and the differential pressure on the cable which would terfei tolbrce it baclcthroy Suf^ 
fident drag force thus causes the cable to move axiaify within the tijbe tc«ft^ 
45 in abcordance with the above e^^ mmbinations of tube length, ^iameterand fluid flow rate can 

' be chosen to provide sufficient tlrag torce^ 

In accordance withanbth^r^sped ctf^thai^ abcwevistj^ oi 

longer length for installation of the cable therewithin. The interconhectbn between the tubfe ;^ above 

J I 4... I t ^^^A^^^r^^^^r^ ^ha^Utiri firwu raff^ wifhin thfe lonofir tube which flow Tate may be 

' ; ana ine liJiiytsi luiw 111^ " — — ■ - 

so determined, as above. Thu^^^ obupling^ pr^ which ef- 

fects the^esi^^ tubes. In its simplest and most pr^ 

; pling may comprise a differential pipe diameter coupling but the coupling may comprise a choke, provide for 
fluid bleed-off or any other means whereby a flow rate differential may be effected between the injection tube 
and the longer tube. 

S5 ^^^S While Instsdiatibfi c^^^ is the primary desirable feature of the present invention, flex- 

ibility in coiled tubing use is also desirable. If It is desired to remc«^ the cable from the tubing, it is possible 
to remove the cable by reversing the flow of fluid within the same system described above. In this regand, it 
has been found that it is desirable to maintain some drag force on the cable as it exits the tubing while main- 
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tatning the cable in tension once it has exited the longer tubing. 

Referring now to the drawings wherein the showings are for the purpose of illustrating a preferred embodi- 
ment of the invention only and not for the purpose of limiting same, the Figure illustrates an apparatus which 
uses fluid flow to pump a cable into the coiled tubing, but avoids the use of a mechanical device to pull the 

5 cable through the seal. Instead, a relatively short piece of straight pipe or tubing 2, such as 20-400 feet of high 
pressure pipe having an internal diameter (I.D.) of 1/2" to 3/4 " in the preferred embodiment, is connected at 
one end to and in fluid communication with a reel of coiled tubing 4 using, again in the preferred embodiment, 
a "tee" flow rate oontroliing coupling 15. A cable seal 6 is provided at the opposite end of the pipe 2. A cable 
8 is coiled on a reel 9 and passed through the cable seal 6 and through the entire length of the pipe 2 into the 

10 coiled tubing 4. It will be understood by those skilled in the art that the cable seal 6 causes some frictional 
drag on the cable 8 but that , in accordance with the present invention, frictional drag on the cable within the 
seal is kept to a minimum. One preferred form of cable seal is a common wireline lubricator known to those 
skilled in the art. 

The pipe 2 also includes a fluid coupling 10 connected through a fluid conduit 12 to a high pressure pump 

15 14 which supplies fluid at high pressure to the annular volume 16 between the inside of the pipe 2 and the 
cable 8 as well as In the annular volume 1 8 between the cable 8 and the inner wall of the coiled tubing 4. The 
fluid friction drag in the pipe/cable anhulus 16 provides the necessary cable tension to overcome the f Hctton 
and pressure differential in the cable seal 6. Therefore, the cable 8 has virtually no tension as it enters the 
reel of coiled tubing 4 and it is free to be pumped through the tubing rails using the fluid flow drag on the cable 

20 8 Within the cable/coiled tubing annulus 18. 

To install a cable 8, the equipment Is set up as shown in Figure 1 . The pipe 2 must have an internal diameter 
at least larger than the cable 8, capable of withstending the pumping pressure, and be reasonably straight to 
avoki excessive wall frictbn. Theoretically, almost any fluid could be used to inject the cable into the coiled 
tubing, although water Is the most practical choice. 

25 The cable 8 is hand fed from the reel 9 through the seal 6 and the short, straight pipe 2 so that the cable 

8 extends a fewfeet in inside the coiled tubing 4. Fluid is then pumped through the pipe 2 and the coiled tubing 
4. A small back tension Is preferably mainteined on the cable 8 , such as by dragging a brake 22 on the reel 9 
to control the installatk>n rate. Sensors may be used to measure the length of cable inserted, as well as the 
tension and speed. However, It may only be necessary to detect the arrival of the cable at the hub end of the 

30 colled tubing, then measure (by hand) the length of slack to be Inserted. Fluid pressure(s} and flow rate(s) are 
monitored with sensore and/or controlled by the pump 14. 

in the preferred embodiment, the injectk>n fluid flows through the short pipe 2 and the coiled tubing 4 in 
series. In order to have to have two different flow rates in the short pipe 2 and the celled tubing 4 a flow rate 
controlling coupling must be provided. In the preferred embodiment, the different flow rates are obtained by 

35 inserting a flow rate mntrolling coupling such as the "tee" shaped connector 15 between the pipe 2 and the 
tubing 4 as shown in the drawing. As used in this specif icatk>n the term flow rate controlling coupling will be 
understood to mean any device whteh serves to dhrert or add fluid in order to make up the difference between 
the flow rates in the first pipe and the second pipe. The tee connection 15 is preferred. The branch of the tee 
may be connected to a flow restrictor (orifice or choke) in the case of flow diversion (flow in pipe greater than 

40 in the tubing). If flow is to be added (f tow in the tubing greater than the flow in the pipe) the tee may connected 
to a a second pump or to the firet pump by means of a flow dhnder. Other flow controlling couplings will be 
apparent to those skilled in the art. 

EXAMPLES 

45 

An injection test was performed using 1 0,000 feet of 1 -22 monocable having a diameter of 1/4", 71 .5 feet 
of 1/2" Schedule 80 steel pipe and about 9900 feet of coiled tubing. The cable tension was measured after it 
was Instelled In the 1/2' pipe but before It entered the colled tubing. Af low rate of 1 .2 barrels per minute (bbl/min) 
generated a cable tension of 55 lb. and a pressure of 3300 psi (1600 psi across the 1/2" pipe). At a pump rate 
50 of 1.4 bbl/min., the cable was pumped into the colled tubing. 

Table 1 shows the predicted performance of a system designed to instell 1-23 monocable in a coiled tubing 
reel with 15000 feet of 1.5" x .109" coiled tubing. 
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TABLE 1 
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25 
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35 



45 



SO 
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inputs 

Fibw Rate ((SPM^^ 
Length of Gq^ 
Tube ID 
Cable 



1 



in 



Ciatble Riiici 1%ictfdfi^^^ 
Pipe Fluid friction factor 



error 



error! 



Flow Area (in^ 
Fluid Velocity (ft/sec) 
Fluid Kinetic Viscosity (ft^2/sec) 
Fluid Density (slugs/ft^3) 
Hydraulic Radius (in) 
Reynold's Number 
HFLOW (lb/ftA2) 
HFLOW(psi) 

Cable roughness (ft) 

Pipe roughness (ft) 

Cable roughness (4'^hydr radius) 

Pipe roughness (4*hydr radius) 

Fluid drag (lb/ft) 

Friction pressure drop (psi/foot) 
Curved pipe press drop (psi/rad) 
Avg coil diam (ft) 
Curved pipe press drop (psi/ft) 

Expansion press drop coeff [K] 
Pressure drop: small pipe to CT 
Pressure diff. pushing cable out psi 
Force pushing cable out (lb) 

Length of small pipe recf'd (ft) 
Pressure Drop in CT reel (psi) 
Inlet ppessure frprn puriip (^ 

drag force ih 



drop In small pipe (psi) 
due to small tube drag (lb) 




Small 

50 



0.22 



2 ■ 



20 

0.0155! 
0.01529887 



0.18 
87.05 
1 .OOE-05 
1.93 
0.078 



7302 
50.71 

1 ,00E-06 
1 .00E-.07 
0.00004 
0.00000038 



1. 



30.01 



0.83 



172.60 

117.45 
4498.25 

WWW 



3524 
1 92.60 



Coiled Tubing 
50.00 
1 5000 
1.; 



0 



0.0175 
0. 



1.25 

12.80 

1 .OOE-05 

1.93 

0.2655 

1,13E+05 

158 

1.10 

1 .OOE-06 
1 .50E-04 
0.00001 
0.00169 

0.0400 , 

0.29 



0.0130 



42.33 



Assume: 120.00 
8141 



24.18 



361 
196. 



Compared to the current installation methods (coiled tubing laid out fiat on the ground or hung in a vertical 
vrali), the fluid cable injection system of this invention is much less expensive and logistically simple. The sim- 
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pliclty of the method allows it to be used at almost any field location, greatly enhancing the flexibility of coiled 
tubing logging operations and reducing the cost of the coiled tubing logging service. New services, using down- 
hole sensors and actuators, will become more economically viable. 

There are seveiai advantages of the fluid cable injection system over a mechanical injection system where- 

5 in cable tension through the seal is overcon^ by a mechanical pulling or pushing mechanism. With no moving 
parts, it is much easier and less expensive to develop and manufacture. Also, the installation process is safer 
and easier to control than with the mechanical system. The forces applied to the cable are low, so the potential 
for damaging the cable during the installation process is quite low compared with a mechanical pulling device. 
There is no need for a source of power other than the fluid pump. 

10 The above examples have illustrated the use of a fluid which comprises water. It will be understood by 

those skilled in the art that the term "fluid" as used in this specif ication may include either a liquid or a gas. 
Useful gasses may Include, for example, nitrogen or air. Similarly, useful liquids may include water, sea water, 
brine, polymer visoosif led water, any hydrocarbon liquid or an aqueous or hydrocarbon liquid to which a flow- 
improvement additive of types well Icnown in the art has been added. 

IS White the Invention has been described in the more limited aspects of preferred emt)odiments thereof, 

other embodiments have been suggested and still others will occur to those skilled in the art upon a reading 
and understanding of the foregoing specification. It is Intended that all such embodiments be Included within 
the scope of the present invention as limited only by the appended claims. 

Claims 

1- Apparatus for inkling cable having a first diameter into a reel of coiled tubing having a largerf irst internal 
diameter comprising a seal through which the cable passes atteched to a small dianr^eter pipe having a 

25 second internal diameter whteh is at least larger than the first diameter of the cable and smaller than the 

first internal diameter of the coiled tubing, the small diameter pipe including a coupling connecting said 
pipe to saki coiled tubing and in fluid communication with an open end of a length of colled tubing on a 
leel and a pump in fluid connmunication with saki pipe including a fluki connector in sakJ small diameter 
tubing for fluid communication between said pump and an annular space between the cable and the small 

30 diameter pipe and into the coiled tubing. 

2. Apparatus as set forth In daim 1 wherein the cable Is wound on a spool. 

3. Apparatus as set forth in daim 2 wherein the spool includes a brake. 

35 

4. A method of Installing a cabte having a first diameter into the bore of a length of tubing having a first internal 
diameter comprising the steps of: 

a. providing a pipe having a second internal diameter greater than the first diameter of the cable and 
smaller than the first internal diameter of the tubing, the pipe including a seal at one end having an 

40 Internal passage adapted for allowing the cable to be ins^ed axially within the pipe, a coupling at its 

oppMite end for connection with the tubing and a fluid coupling in f lukJ communksation with an internal 
bore of the pipe intermediate the ends thereof; 

b. providing a fluid pump in fluid communicatk>n with the fluid coupling on the pipe; 

c. provkiing a fluid to be pumped; 

45 d. feeding a length of cable through the seal, through the length of the pipe and into the bore of the 

tubing and 

e. pumping the fluid into the pipe, whereby fluid drag on the cable within the pipe overcomes a drag 
force on the cable through the seal and the cable is caused to be pulted by drag through the length of 
the tubing. 

50 

5. The method as set forth in daim 4 further including maintaining a first flow rate within the pipe sufficient 
to overcome a drag force and pressure differential on the cable through the seal while maintaining a suf- 
f Ident flow rate within the tubing so that a drag forc» on the cable causes the cable to be pulled through 
the length of the tubing. 

55 

6. The method as set forth in daim 4 or 5 further induding maintaining a tensional force on the cable resisting 
at least a portion of the drag force. 
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7. The method as set forth in daim 5 wherein the cable is wound on a reel and the tensional foice is main- 
tained by a brake. 

8. The method as set forth in claim 4, 5, 6 or 7 wherein the step of providing a fluid comprises providing a 



9. The methcxj as set forth in daim 8 wherein the step of providing a liquid comprisies providing a liquid se- 
lected from a group consisting of: water, brine, a polymer viscosif led aqueous fluid, a flow-improved liquid 
and a hydrocarbon liquid. 

1 0; An appaiBtusfcH'jnsbiHing cable into d first tube comprising a second tube and a flow controlling connector 
between the first and second tubes* a seal at an end of the second tube remote from the connector and 
a fluid cpupMng on the second tube connected to a fluid pump ^ purnping fluid into the second tube at 
a f ftst piimp rate and into the first tiibe at a second pump rate whereby fiictiohal fbrc^ on the ^tcternal 
is wi^ce of the (^bie^^c^ the cable to be transported through the seal, the second tube and thefirst 

■ tube. 

11. Apparatus as setfbrth in daim 10 wherein the 
20 12. Apparatus as set forth in daim 11 wherein the spool indudes a braice. 
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